Objective: To evaluate the efficacy, safety, and quality of life of 5 mg mifepristone per day compared with a placebo in treating uterine fibroids. Design: Randomized, double-blind clinical study. Location: Eusebio Hernández Gynecology and Obstetrics Teaching Hospital, Havana, Cuba. Subjects: One hundred twenty-four subjects with symptomatic uterine fibroids. Treatment: One daily capsule of 5 mg mifepristone or a mifepristone placebo over 3 months. Variables in evaluating safety: Changes in fibroid and uterine volumes, changes in symptom prevalence and intensity, and changes in quality of life. Results: Three months into treatment, fibroid volume was reduced by 28.5% in the mifepristone group with an increase of 1.8% in the placebo group (P = 0.031). There were significant differences between the groups with respect to pelvic pain prevalence (P = 0.006), pelvic pressure (P = 0.027), rectal pain (P = 0.013), hypermenorrhea (P , 0.001), and metrorrhagia (P = 0.002) at the end of treatment. Amenorrhea was 93.1% and 4.3% in the mifepristone and placebo groups, respectively (P , 0.001). Treatment side effects were significantly greater in the mifepristone group. Estradiol levels did not differ significantly between the placebo and mifepristone groups at the end of treatment. Improvement in quality of life was significantly greater in the categories of "symptoms" (P = 0.004) and "activity" (P = 0.045) in the mifepristone group. Conclusion: The 5 mg dosage of mifepristone presented significantly superior efficacy compared to the placebo.
Introduction
Mifepristone administered in low doses over treatment periods of 3, 6, 9, and 12 months has proved its therapeutic efficacy for treating uterine fibroids with regard to: (1) symptomatic improvement, (2) reduction of fibroid and/or uterine volume, and (3) quality of life. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] It has also shown itself to be useful prior to surgery on uterine fibroids. 10, 12 There are two published studies comparing 5 and 10 mg doses of mifepristone against a placebo over 3 and 6 months, respectively, but with relatively small sample sizes. 14, 15 A Health Care Research and Quality report criticized the notable absence of clinical studies demonstrating the efficacy of the different treatments available for uterine fibroids. 16 The findings of this study will help towards filling this gap.
The aim of this study is to evaluate the efficacy, safety, and changes in quality of life brought about by 5 mg daily mifepristone versus a placebo over 3 months in the treatment of symptomatic uterine myomas.
Materials and methods Design
This controlled, double-blind, randomized clinical trial of 5 mg mifepristone versus a placebo to treat uterine myomas was approved by the "Eusebio Hernández" Gynecology and Obstetrics Teaching Hospital Scientific Committee, Havana, Cuba. Subjects were recruited from the hospital classification department consultancy and primary health care units. All subjects gave their informed consent to participate in the study. The clinical study was carried out in accordance with the Declaration Of Helsinki and the Good Clinical Practice (GCP) guidelines and began in March 2012 with the last subject to be included being evaluated in September 2012, after 3 months of treatment with mifepristone.
Subjects
Female volunteers, 18 years old or older, with uterine fibroids were eligible for the study. Inclusion and exclusion criteria were the same as those used in a previous study of ours. 10 
Treatment
Group 1: one placebo tablet taken orally every day for 3 months. Group 2: one tablet of mifepristone taken orally every day for 3 months. The placebo and mifepristone tablets were supplied by Litaphar Laboratory, Guipúzcoa, Spain. The tablets were identical in shape, size, appearance, and color and the packaging carried a code ("mifepristone A" or "mifepristone B") and a number only known to the Litaphar Laboratory; this code was revealed once the initial data processing was completed.
Examinations performed
Complete gynecological examination and abdominal or vaginal ultrasound examination of the uterus was done at the beginning and end of treatment. Fibroid volume was calculated using the formula:
where A, B, and C are the diameters of the sphere in each of the three planes and are expressed in cubic centimeters. 12 If the subject had more than one myoma, the measurement of the biggest was taken and its variations were used to evaluate efficacy. The volume of the uterus was measured using the Equation 1. Ultrasonography was used to calculate endometrial thickness in millimeters. All ultrasound calculations were carried out with SSD-4000 ultrasound diagnostic equipment (Aloka Co, Ltd, Tokyo, Japan); two doctors specializing in ultrasound carried out the measurements. Calibrations taken at the end of each treatment visit were performed by sonographers who were ignorant of previous measurements, knowing only the localization of the myoma to be measured. Blood samples were taken for hematological tests and the determination of hepatic transaminases at the first and last visit. Prior to treatment, samples of cervical tissue were taken from all subjects for cervical cytology, and an endometrial biopsy was performed if any of the following criteria applied:
(1) endometrial thickness . 8 mm; (2) episodes of vaginal bleeding lasting more than 10 days; (3) vaginal bleeding during the 3 weeks prior to onset of menstruation; or (4) copious vaginal bleeding. The process was repeated again after 45 days of treatment if any of the same criteria applied, and at the end of treatment, all subjects had this testing done, regardless of the criteria mentioned earlier. The Horne and Blithe   17 and Mutter et al 18 criteria were used to interpret the biopsies.
Control visits and evaluation
There were evaluation visits at the beginning and end of treatment. There were no follow-up visits.
Variables to evaluate efficacy
The main variables to evaluate efficacy were the percentage changes in fibroid and uterus volumes previous to and after treatment. Other variables used to estimate efficacy were changes in the prevalence of pelvic pain, lumbar pain, rectal pain, pelvic pressure, urinary symptoms, dyspareunia, hypermenorrhea, and metrorrhagia. Pelvic pain intensity and hypermenorrhea were evaluated by a visual analog scale from 0 to 10, where 0 represented absence of symptoms and 10 their maximum (severe pain, bleeding very abundant) value, as self-reported by each patient.
Variables to evaluate safety
The following variables were used to evaluate safety: 1. Changes in endometrial thickness, with evaluation undertaken at the beginning and end of treatment. Variables to determine hormonal and biochemical changes produced by mifepristone
Blood samples were taken to determine estradiol (pg/mL), progesterone (nmol/L), testosterone (ng/mL), luteinizing hormone, (IU/L), follicle-stimulating hormone (IU/L), and prolactin (mIU/L) levels between days 18 and 21 of the menstrual cycle before treatment started and 5 to 7 days before treatment was finished. All hormones were determined by radioimmunoassay in the Isotope Centre (CENTIS), Havana, Cuba, except estradiol, which was determined by enzyme-linked immunosorbent assay in the Finlay Institute, Havana, Cuba.
Quality of life
This was evaluated before treatment started and after the end of treatment by means of the Uterine Fibroid Symptom and Quality of Life (UFS-QOL) test 19 using a scale of 1 to 100 points to indicate changes observed in quality of life. The sections in this test evaluate different aspects of quality of life: sexual activity, self-control, energy and mood, etc. An increase in score means an improvement in quality of life, whereas such an improvement is indicated by a reduction in score in the "symptoms" section. 19 number of subjects to be included
The expected reduction in fibroid volume was the variable used to estimate the number of subjects to be included in the study. As a reference point, we used results obtained in previous studies [11] [12] [13] [14] [15] with 5 mg mifepristone; it was assumed that, with 5 mg mifepristone, the fibroid volume would reduce by between at least 35% and 40% by the end of treatment with respect to its initial volume, whilst, with the placebo, the reduction would not exceed 10%. A power analysis carried out with G*Power software (version 3.0.10; University of Kiel, Kiel, Germany) determined that, with 44 subjects in each treatment group, it was possible to detect the difference between the two groups with a type I error of 5% and a type II error of 10%. In total, the study sample size was increased by approximately 30%, to 62 subjects in each group, 124 in the whole study, in order to offset dropouts during treatment, especially in the placebo group, or subjects being excluded for not complying with protocol.
Assignment to treatment groups
Staff not directly involved in the study prepared sealed opaque envelopes, each envelope containing a card indicating "mifepristone A" or "mifepristone B," where "A" is placebo and "B" is mifepristone 5 mg. Once the subject had been evaluated in line with the inclusion and exclusion criteria and had signed the informed consent, the envelope corresponding to the subject's numbered incorporation into the study was opened and she was included in the treatment group indicated on the card contained in the envelope. As the study design was double-blind, neither the doctor nor the patient knew if the subject had been assigned to the 5 mg mifepristone group or the placebo group.
Presentation of results and statistics
The results are presented in absolute frequencies, percentages, averages, standard deviations, and 95% confidence intervals for the average values in fibroid and uterine volumes. Pearson's Chi-square test, Student's t-test, and normal approximation for proportions were used to evaluate homogeneity between the two treatment groups. For comparisons within each treatment group of the continuous variables of efficacy, safety, and hormonal determinations, Student's t-test for independent samples and normal approximation for proportions were used to draw comparisons between the groups with respect to fibroid symptom prevalence and incidence of mifepristone side effects. In all cases, P , 0.05 was considered significant and all tests were two-tailed. Data was processed using the SPSS 11.5 (IBM Corporation, Armonk, NY, USA).
Results

Inclusion and adherence to treatment
A total of 136 subjects were referred to the consultative research center, 14 of whom did not meet the inclusion criteria; thus 124/136 (91.2%) subjects were included in the clinical trial, 62 in each treatment group, all of whom took the medication. The 3-month treatment was completed by 47/62 (75.8%) and 58/62 (93.5%) subjects in the placebo and 5 mg groups, respectively (P = 0.003). The 15 dropouts from the submit your manuscript | www.dovepress.com Dovepress Dovepress placebo group were as follows: one aborted and one ectopic pregnancy (both excluded due to breaching the protocol that set out the use of barrier contraceptives); one due to fear of biopsies; one due to venous thrombosis; one due to fear of taking the tablets; one due to suffering burns; and nine subjects who did not attend the end-of-treatment session. The reasons for the four dropouts from the 5 mg mifepristone group were: one because she thought the treatment was not improving her condition and therefore discontinued it; one expelled a submucous fibroid 6 days after beginning treatment, although the fibroid chosen for sonography was intramural; one due to adverse reactions (nausea, vomiting, fatigue, and pain in the epigastrium over 11 days, which she attributed to mifepristone, having taken 48 tablets); and one due to high arterial blood pressure and fear of continuing to take the tablets (Figure 1 ).
Initial variables and comparison between treatment groups
In Table 1 , the general characteristics of all subjects included in the clinical trial are presented. There were no significant differences between the treatment groups for any of the general characteristics with the exception of hemoglobin (P = 0.018). In all, 20/124 (16.1%) subjects were sent from the hospital infertility consultancy due to their infertility being associated with the leiomyoma; there were no significant differences between the treatment groups (P = 0.164). One single myoma was present in 26/62 (41.9%) and 22/62 (35.5%) subjects in the placebo and 5 mg mifepristone groups, respectively (P = 0.500). In total, 49/124 (39.5%), 1/124 (0.8%), and 74/124 (59.7%) subserous, submucous, and intramural myomas were studied, respectively, and there were no significant differences between the treatment groups with respect to the distribution of the fibroids studied (P = 0.288).
Efficacy
Efficacy evaluation was based on the 47 and 58 subjects in the placebo and mifepristone groups, respectively, who completed treatment. Tables 2 and 3 show the changes in fibroid and uterine volume in each group, respectively. There was no reduction in fibroid volume in 31/47 (66.0%) and 11/58 (19.0%) subjects in the placebo and mifepristone groups, respectively (P , 0.001). There was no reduction in uterine size in 34/47 (72.3%) and 13/58 (22.4%) subjects in the placebo and mifepristone groups, respectively (P , 0.001). Table 4 shows the changes in symptom prevalence associated with the fibroid in each study group at the beginning and end of treatment. There was a significant increase in average hemoglobin scores in the mifepristone group from pretreatment values to values on termination of treatment: 10.9 ± 2.0 g/L to 11.7 ± 2.1 g/L (P = 0.023). In the placebo group, the initial and final hemoglobin scores were identical;
Primary health units and classification consulting department from hospital identified women with symptomatic leiomyomas, n = 136
The office of the clinical trial accepted women for enrollment; endometrial biopsy and ultrasound of leiomyomas and uterus performed and blood sample taken, n = 124; (91.2%)
Women randomized to receive placebo daily for 3 months, n = 62
Women randomized to receive mifepristone 5 mg mifepristone daily for 3 months, n = 62
Excluded for protocol violation, n = 2 dropped out, n = 13 Dropped out, n = 4
Evaluation at 3 months of treatment, ultrasound performed, blood sample taken, endometrial biopsy n = 58
Evaluation at 3 months of treatment, ultrasound performed, blood sample taken, endometrial biopsy n = 47 
Safety
Amenorrhea was present 3 months into treatment in 2/47 (4.3%) and 54/58 (93.1%) subjects in the placebo and mifepristone groups, respectively (P , 0.001). Hot flushes were reported at some point during treatment by 4/47 (8.5%) and 14/58 (24.1%) subjects in the placebo and mifepristone groups, respectively (P = 0.017). In total, 5/18 (27.8%) subjects reported hot flushes at night, 9/18 (50.0%) subjects during the day, and 4/18 (22.2%) subjects at any time, the differences being asymptotically significant between the groups (P = 0.052), with the mifepristone group having 8/14 (57.1%) subjects who suffered hot flushes at night versus 1/4 (25.0%) subjects in the placebo group. In the placebo and mifepristone groups, the average number of hot flush episodes over 24 hours were 2.0 ± 2.0 times a day and 2.2 ± 1.2 times a day, respectively (P = 0.851); over a week was 3.2 ± 2.1 days with episodes and 4.1 ± 2.0 days with episodes (P = 0.451), respectively. The hot flush episode duration was significantly greater in the mifepristone group than in the placebo group, at 3.6 ± 3.2 minutes versus 1.2 ± 0.5 minutes (P = 0.019), respectively. The intensity of the hot flushes in the mifepristone group was similar to that in the placebo group, 4.5 ± 1.3 and 5.8 ± 2.5 (P = 0.210), respectively. Nausea was significantly more frequent in the mifepristone group than in the placebo group, with 13/58 (2.4%) and 3/47 (6.4%) cases (P = 0.011), respectively. The feeling of fatigue was also significantly more frequent in the mifepristone group than in the placebo group, with 10/58 (17.2%) and 3/47 (6.4%) cases (P = 0.047), respectively. Only 2/58 (4.3%) subjects in the mifepristone group reported headaches. Table 5 shows changes in endometrial thickness between the beginning and end of treatment. There were two subjects with high aspartate transaminase in the placebo group with scores of 59.3 and 99.9 IU and three subjects in the mifepristone group (48.0, 48.8, and 78.6 IU), with reference values of 46 IU at the end of the treatment. With regards to alanine transaminase, there were three subjects in the placebo group with high scores of 54.1, 68.0, and 68.1 IU, and three subjects in the mifepristone group with high scores of 68.0, 69.0, and 96.0 IU, with reference values of 49 IU at the end of the treatment. Between the beginning and end of treatment, 45/47 (95.7%) and 12/58 (20.7%) subjects in the placebo and mifepristone groups, respectively, reported some irregular bleeding (P , 0.001); the average number of days for such bleeding was: 25.1 ± 4.9 days and 9.0 ± 7.9 days in the placebo and mifepristone groups, respectively (P , 0.001). Subjects in the placebo group had normal menstrual cycles, with the exception of two subjects who only menstruated once in the 3-month treatment period and reported amenorrhea.
Endometrial biopsy
A pretreatment endometrial biopsy was performed on 10/124 (8.1%) subjects, with the diagnosis being secretory endometrium. At the end of treatment all subjects were indicated for endometrial biopsy. Seven subjects refused to undergo the procedure (one in the placebo group and 
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six in the mifepristone group); seven samples were unsuitable for diagnosis: four in the placebo group and three in the mifepristone group. Of those samples deemed suitable, progesterone modulators associated endometrial changes (PAECs) were diagnosed in 12/49 (24.5%) and 1/42 (2.4%) subjects in the mifepristone and placebo groups, respectively (P = 0.001). There were 7/42 (16.7%) subjects diagnosed with proliferative endometrium in the placebo group and 8/49 (16.3%) subjects in the mifepristone group; 34/42 (80.9%) subjects had secretory endometrium in the placebo group and 29/49 (59.2%) subjects in the mifepristone group. Tables 6 and 7 compare hormonal determinations between the treatment groups before and at the end of treatment. 
Hormones
Quality of life
The UFS-QOL questionnaires provided before and after treatment to evaluate changes in quality of life were completed by 40/47 (85.1%) subjects in the placebo group and 48/58 (82.6%) subjects in the mifepristone group who finished the treatment. Tables 8-10 present these results.
Discussion Efficacy
The reduction in fibroid volume observed in this study is the lowest of all the studies carried out by our research program after treatment lasting 3 months. 5, 7, 8, 10 The reduction percentages in uterine volume are similar to those obtained in previous studies. 5, 7, 8, 10 Likewise, the present study's results are similar to the other two published placebo group studies, demonstrating a notable superiority on the part of mifepristone. 4, 12 The superiority of mifepristone over the placebo is also shown in the disappearance of the significant differences that were present between the average hemoglobin scores in the two groups before treatment, with the average hemoglobin score in the mifepristone group rising at the end of treatment. This is consistent if we take into account that the amenorrhea percentage in the mifepristone group was significantly higher than in the placebo group.
Symptoms
The superiority of mifepristone over the placebo is also sufficiently demonstrated with the almost complete disappearance of symptoms in the mifepristone group with P-values being significant in all symptoms except urinary alterations, lower back pain, and dyspareunia.
Side effects
This is the first study to closely monitor hot flushes, which were well-tolerated by our subjects as they were infrequent and of low intensity, and which led to no dropouts. Obviously, Only for subjects who completed the study ( Figure 1) ; b normal approximation for proportions.
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the difference between both groups with regard to hot flushes is significant, it being of note that subjects in the placebo group reported hot flushes without taking any chemical medicine. Yes, there were significant differences between both groups with respect to nausea and fatigue, but the prevalence of these symptoms was very low. The difference between both groups vis-à-vis raised transaminases was not significant and in both cases was of minimum clinical significance given their resultant scores, which leads us to wonder whether mifepristone really does induce significant raised transaminases and whether these subclinical hikes are occasionally due to other causes. The average increase in post-treatment endometrial thickness was significantly higher in the mifepristone group given the climate of mifepristone-induced estrogen predominance. The results of the post-treatment endometrial biopsies revealed no cases of simple hyperplasia in either of the two groups and the only noticeable difference between them was the presence of PAECs in the previously stated mifepristone group percentages.
Bleeding
Bleeding patterns in both groups were difficult to compare since the mifepristone group was essentially amenorrheic and the placebo group menstruated regularly. The placebo group continued to have percentages of hypermenorrhea and metrorrhagia similar to those at the beginning of treatment while the mifepristone group only presented a little spotting and occasional days of irregular bleeding.
Hormones
As previously demonstrated, the use of mifepristone in low doses did not induce any significant hormonal change, as is shown here by the absence of differences in the comparative results of both treatment groups. It should be pointed out that in the mifepristone group, the estrogens did not decrease but rather, in this particular case, significantly increased their average post-treatment value, thus neutralizing the risk of osteoporosis and the serious consequences implicit in treating uterine fibroids by methods other than mifepristone, since although there were variations in average estrogen values, they were always within their accepted physiological range. Testosterone decreased significantly in the mifepristone group, but stayed within its accepted physiological range. Progesterone levels were not particularly valuable given the small subject sample size. Paradoxically, the placebo group displayed an improvement in quality of life according to the UFS-QOL similar to that of the mifepristone group, with the exception of the "symptoms" and "activity" sections. However, there was a marked tendency, statistically insignificant, towards a greater improvement in the mifepristone group, except in the "self-consciousness" section. We believe that behind this strange similarity there may be a bias in the composition of the test vis-à-vis the very low cultural level of the sample and its high proportion of subjects of black ethnicity. In the Fiscella et al study, the improvement in quality of life was significantly greater in the mifepristone group. 
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Dropout figures
The higher dropout rate in the placebo group may be an indication that mifepristone was more effective than the placebo.
Internal validity
Random assignment assured us of homogenous treatment groups, avoided selection bias, and guaranteed study blinding. The study size was big enough to demonstrate significant differences in fibroid volume reduction percentages between the placebo group and the subjects treated with mifepristone.
External validity
The clinical study included 91.2% of the subjects sent to the study consultancy, despite the inclusion and exclusion criteria possibly being very strict. This enabled us to treat nine out of every ten subjects with symptomatic uterine fibroids, thus indicating the feasibility of treating a large percentage of these subjects with mifepristone.
Conclusion
Mifepristone was significantly more effective in treating uterine fibroids compared to the placebo.
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